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CAUSES, WASTE COMPOSITIONS, AND WASTE VOLUMES ASSOCIATED WITH INTEC TANK 
FARM SOIL CONTAMINATION SITES CPP-15 AND -79 DEEP 

 
 

Summary 
 

A recent remedial investigation/feasibility study work plan (Reference 1) describes the soil contamination 
sites in the Idaho Nuclear Technology and Engineering Center (INTEC) Tank Farm.  The work plan 
describes the configuration of the system from which the contamination was released, the estimated 
amount of material released to the soil, and the Cs-137 and Sr-90 activity of the contamination that was 
released to the soil.  Much of the information in the work plan was documented in previous reports and 
studies.  However, the work plan makes different assumptions from historical documents for some of the 
waste compositions or amounts of waste that leaked.   For some of the sites, such as CPP-79 deep, very 
little historical information is available.  This document provides a detailed description of two of the 
contaminated soil sites (CPP-15 and -79 deep) in the work plan.  Current groundwater investigations and 
modeling requires additional information such as the Tc-99 and I-129 activity and nitrate content of the 
releases that is not in the recent work plan or in historical reports.  This report provides estimates of such 
data.  Some of the work plan data were based on very conservative assumptions for the amount of waste 
that leaked.  For groundwater modeling calibration purposes, more realistic values are needed.  This 
report provides more refined estimates to be used for ground water modeling purposes. 
 

Site CPP-79 Deep 
 
Overview of CPP-604 Waste Tank System Configuration and CPP-79 Leak  
 
Site CPP-79 is a medium-sized area north of the CPP-604 tank vault.  Reference 1 indicates CPP-79 was 
contaminated by leaks from two different sources at two different elevations; a known source consisting 
of PEW Evaporator feed solution caused low-activity contamination in a shallow area, and a second, 
unknown source created high-activity contamination in an area further below grade.  Reference 2 
describes in detail the events and information associated with the leak of PEW Evaporator feed solution 
and the contamination of the shallow portion of CPP-79.  That information is not repeated here.  This 
report focuses on the contamination in the deeper portion of the site whose source was unknown at the 
time Reference 1 was written.   
 
Recent (2004) soil sample analyses also detected a second layer of contamination in the CPP-28 site, 
below the depth of that site’s historically described (relatively shallow) contamination zone.  As described 
in Reference 1, the deep contamination in CPP-28 is not associated with the shallow contamination. The 
CPP-28 deep contamination is at the same elevation (about 30 feet below the surface of the Tank Farm) as 
the deep contamination in CPP-79.  Sites CPP-20 and CPP-79 are near each other.  The piping system 
responsible for the CPP-79 deep contamination had a tile encasement that likely leaked in multiple 
locations.  That piping system ran within 5 feet of the CPP-28 borehole location where the deep contamination 
was found, and likely caused that contamination as well.  Therefore, references to the CPP-79 deep contamination 
source term, volume of waste released, etc, in this report also apply to the CPP-28 deep contamination.      
 
There are no historical reports documenting the leak(s) that caused the CPP-79 deep contamination.  It 
was discovered during the 1990s Tank Farm upgrade project and recent soil sampling activities.  The  
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contamination scenario described in this report is based upon an evaluation of historical operating data, 
equipment configuration, recent contaminated soil sample analyses, and process knowledge.  The 
contamination at CPP-79 deep likely occurred during three waste transfers from the CPP-604 tanks to the 
Tank Farm during 1967 (one transfer) and 1973 (two transfers).  During those transfers, waste leaked 
from failed flange gaskets in valve boxes A3A and A3B.  Some of that waste entered split tile pipe 
encasements that penetrated the bottoms of the valve boxes.  The waste leaked from the tile encasements 
into the soil in a nearly horizontal portion of the piping located about 30 feet below the surface of the 
Tank Farm, causing the CPP-79 deep contamination site.  The leaks went unnoticed because they were 
too small to have been detected by the waste monitoring systems that existed at the time.   
 
There are no historical records that identify the leaks that contaminated the CPP-79 and CPP-28 deep 
areas.  Therefore, this report provides a considerable amount of detail regarding the design and 
configuration of the CPP-604 tank and piping system, the historical use of that system, and the 2004 
contaminated soil sample data so the reader will understand the basis for the estimates of the amount of 
waste leaked and its source term.   
 
 
CPP-604/Tank Farm Piping Configuration and Leakage Path 
 
In order to understand the basis for the estimate of the leaks that caused the CPP-79 deep contamination, 
some knowledge of the configuration and history of the CPP-604 waste tanks is necessary.  The original 
configuration of the high-level (first-cycle) liquid waste storage system included three 18,000-gallon 
tanks (WM-100, -101, and -102), which were located in two underground tank vaults on the north end of 
CPP-604.  High-level waste was sent from the fuel reprocessing building (CPP-601) to the three CPP-604 
waste tanks for interim storage before being transferred to the large, 300,000-gallon storage tank 
WM-180.  Stainless steel waste transfer lines encased in split tile pipe were used to transfer waste from 
the CPP-604 tanks to WM-180.      
 
Due to its early success, the spent nuclear fuel reprocessing program and its associated waste storage 
system were expanded.  A major project was completed in 1955 that installed three new 300,000-gallon 
waste storage tanks (WM-182, WM-183, and WM-184) and three new valve boxes (A2, A3A, and A3B) 
north of CPP-604.  The new valve boxes connected the original CPP-604/Tank Farm waste transfer lines 
to the three new tanks.  The new configuration continued to use the original waste transfer system that 
sent waste from CPP-601 to the CPP-604 tanks, and from the CPP-604 tanks to the 300,000-gallon tanks.  
Figure 1 shows the configuration of some of the transfer lines and valve boxes associated with the 
CPP-604 tanks.   
 
Figure 1 shows two tile encased lines (colored orange) that exit the north end of the CPP-604 tank vault. 
The westernmost tile-encased line in Figure 1 came from WM-102.  The line exited the vault nearly 30 feet 
below the Tank Farm surface, turned, and ran vertically to near the Tank Farm surface elevation 
where valve box A3A was located.  The line then went back down to its original elevation 30 feet below 
the Tank Farm surface, turned, and went to WM-180.  Another piping system (not shown on Figure 1) 
was located about 20 feet west of the WM-102 transfer piping system.  That system was identical to that 
of WM-102 and contained the WM-101 discharge piping and valve box A3B.  The convoluted piping 
system (long, u-shaped, vertical loop) was part of the original design and provided relatively easy access 
to the piping to make future connections, such as occurred in 1955.   
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Figure 1.  Schematic showing the configuration of waste transfer piping and valve boxes near the CPP-604 tank 
vault associated with site CPP-79 and CPP-28 deep contamination.    
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Valve boxes A3A and A3B were not part of the original design but were added in the 1955 expansion 
project.  They were constructed on top of the original transfer lines, with the original lines entering and 
exiting the bottom of the valve box.  Additional lines (not shown on Figure 1) penetrated the sides of the 
valve boxes and went to the new tanks.  The valve boxes were equipped with a stainless steel drip pan 
(liner) with a drain line that led to the PEW Evaporator feed collection tank, WL-102 (see Figure 1).  The 
valve box liner was not welded or connected to the transfer piping that entered/exited the bottom of the 
valve boxes.  Instead, the liner had a collar, or lip, 2-3 inches high, that surrounded the lines where they 
penetrated the bottom of the valve box. This configuration was designed to collect leaking solution in the 
drip pan and direct it to WL-102.   
 
The piping configuration of valve boxes A3A and A3B, with their tile-encased lines entering and exiting 
the bottom of a valve box, was unique to a handful of valve boxes installed with the 1955 Tank Farm 
upgrade and led to the CPP-79 deep contamination.  Waste leaked from valve flanges in boxes A3A and 
A3B due to deteriorated flange gaskets.   By design, the leaking waste should have been collected in the 
stainless steel liner that drained into WL-102.  However, two situations allowed some leaking waste to 
exit the box via the tile pipe encasements that penetrated the bottom of the valve box.  A plugged drain 
line in box A3A caused leaking solution to collect in the box liner until it overflowed the collar 
surrounding the transfer lines and flowed into the tile encasements that entered the bottom of the valve box.  
In addition, some of the leaking solution in A3A and A3B likely fell directly into the annular gap 
between the transfer line and the collar surrounding the transfer line because the leaking valves were 
above the penetrations in the valve box floor.  In these two ways, leaking waste left the valve boxes and 
entered the tile encasements entering the floor of the valve boxes.      
 
Once inside the tile encasements, the leaking solution fell about 30 feet into a nearly horizontal portion of 
the encasements that ran north and south between CPP-604 and WM-180.  The tile encasements were 
designed to drain to a sample box (shown on Figure 1) located on the north end of the CPP-604 tank 
vault.  The sample box had a drain line that went into the stainless-steel lined CPP-604 tank vault where it 
could be detected.  Construction of valve boxes A3A and A3B in 1955 on top of the original transfer lines 
may have caused dirt or other construction debris to fall into the tile encasements and plug the 
encasement drain lines leading into the CPP-604 tank vault.  This compromised the leak detection system 
and caused the liquid in the encasements to leak from the encasements into the soil instead of draining 
into the CPP-604 tank vault. 
 
The tile encasements were not a superior design.  The tile pipe was brittle and susceptible to cracking due 
to soil settling.  In addition, the caulking used to seal the tile pipe joints was not resistant to nitric acid, a 
primary component of Tank Farm waste.  The 1955 project excavated the area north of CPP-604 near the 
lines associated with box A3A.  That project installed the junction box (JB-2B) shown on the tile encased 
line leading to tank WM-181 (see Figure 1).  Such construction in close proximity to tile encased lines 
likely resulted in some soil settling and subsequent cracking of the tile encasements.   
 
The tile encasements may have had more than one crack and potential leakage points along their paths.  
Waste leaking into the tile encasements likely traveled several feet in the near-horizontal section of piping 
nearly 30 feet below grade and leaked from several points.  The transfer line from WM-102 ran north 
from CPP-604 through the areas covered by sites CPP-79 and CPP-28.  Leakage from several locations 
along this path resulted in the deep contamination layers found in both CPP-79 and CPP-28. 
Alternatively, leakage from a single point could have been conducted via the sand bed used beneath the 
transfer lines several feet from the original leak location and contaminated areas within both CPP-79 and 
CPP-28.   



Attachment 
February 24, 2005 
Page 5 of 21 
 

 E-48 

CPP-604 Piping Use and Leakage Period Determination 
 
Because there are no historical reports of the leak(s) that caused the CPP-79 deep contamination, 
estimates of the number of leaks that occurred and the volume of waste that leaked were made.  This 
required an evaluation of the frequency of use of the CPP-604 waste transfer system, the types of waste it 
stored, etc. 
 
During the early and mid 1950s the only waste route into the 300,000 gallon tanks was via the CPP-604 
tanks and their associated piping.  Consequently, the CPP-604 tank piping was regularly used for waste 
transfers during that time period.  Steam-powered jet pumps provided the motive force to transfer waste 
from the CPP-604 tanks to the 300,000-gallon tanks.  The jet pumps had no moving parts and thus needed 
no maintenance, an advantage in a radioactive environment.  However, use of the jets added steam 
condensate to the waste, which increased the volume of the waste by approximately 10% for transfers 
made from the CPP-604 tanks.  This was a significant disadvantage because it effectively added water to 
the limited Tank Farm storage space.  Efforts were made to reduce the steam jet water to better use the 
limited Tank Farm storage space.   
 
Accordingly, in October 1957, another major plant expansion project was completed that built two more 
300,000-gallon waste tanks (WM-185 and -186) and a new waste transfer system.  The new waste transfer 
system bypassed the CPP-604 tanks and their steam jets.  The new system transferred waste directly from 
CPP-601 to the Tank Farm using an airlift (WM-178), which eliminated steam jet dilution.  Thereafter, 
the airlift was used for the bulk of waste transfers from CPP-601 to the Tank Farm.  The CPP-604 tanks 
were used on a limited basis, to segregate special types of wastes (such as ROVER), or when the transfer 
lines in the Tank Farm were out of service (such as during valve maintenance), etc.   
 
Identifying the type of waste that leaked to the soil and correlating it with the fuel reprocessing and waste 
generation history of INTEC helped identify the leaks that caused the CPP-79 deep contamination. 
During its history, INTEC reprocessed a variety of spent nuclear fuels.  Different types of fuel generated 
chemically unique wastes due to differences in fuel cladding and the chemicals used in dissolving and 
reprocessing the different types of fuels.  Detecting (or the failure to detect) these unique chemicals in the 
contaminated soil helped identify the source of waste and time of the leak.   
 
Prior to 1966, virtually all waste sent to the CPP-604 or the 300,000-gallon tanks came from reprocessing 
aluminum (Al)-clad fuel.  In the mid 1960s, reprocessing of large quantities of zirconium (Zr)-clad fuel 
began (Al fuel reprocessing also continued). Moderate amounts of stainless steel-clad fuel were 
reprocessed in the 1970s and early 1980s.  Beginning in the early 1970s, most of the Zr and Al-clad fuels 
were reprocessed in a “coprocessing” system that was designed to minimize waste generation. 
Coprocessing dissolved both Al and Zr-clad fuels and combined the two dissolver products for 
subsequent uranium recovery.  Each of these processes produced chemically unique wastes.  For example, 
mercuric nitrate was used as a catalyst to dissolve Al-clad fuel.  Thus, mercury (Hg) was found in Al  
waste but not in Zr or stainless steel wastes. Waste from Zr fuel reprocessing contained Zr from the 
cladding material and fluoride (F) from the hydrofluoric acid used to dissolve the Zr cladding.  Neither Al 
nor stainless steel wastes contained Zr or F.  Because coprocessing waste was a combination of both Zr 
and Al wastes, it contained Hg, Zr, and F.   The fission product content of most first-cycle wastes was 
similar (especially in old waste in which short-lived species had decayed), but there were differences 
among activation products such as the transuranic (TRU) components.  For example, Al waste had a 
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moderate Pu-238:Pu-239 ratio (ranging between 3 and 10).  Zr waste had a much higher (over an order of 
magnitude) Pu-238:Pu-239 ratio than Al waste.  Stainless steel waste had a much lower Pu-238:Pu-239 
ratio (over an order of magnitude) than Al waste.  These unique chemical species and radionuclide ratios 
helped identify the sources of leaks in CPP-79 deep, based on the 2004 soil sample analyses.   
 
Figures 2 and 3 show the volume and type of waste stored in WM-101 and WM-102 respectively between 
May 1965 and January 1980, the time in which the CPP-79 deep contamination occurred.  The waste 
volume varied between 0 to 18,000 gallons as the tanks were filled and emptied over time.  The areas 
beneath the volume curves are colored to show the volume and type of waste in the tanks.  Figures 2 and 
3 do not include data for WM-100.  During the 1955 expansion project, only the transfer lines from WM- 
101 and WM-102 were connected with the new portion of the Tank Farm, leaving WM-100 connected 
only to WM-180.  As a result, waste from WM-100 was never transferred directly to the Tank Farm 
during the suspected leak period.  Instead, waste was transferred from WM-100 to WM-102, and from 
there to the Tank Farm. 
 
Figures 2 and 3 each contain two dashed lines, one in 1966 and one in 1974, with text boxes indicating 
leaks did not occur before or after those dates.  The reasons for this are as follows.  In October 1974, 
contaminated soil associated with site CPP-28 (shallow) was discovered in an area north of CPP-604. 
Operations personnel conducted an exhaustive search for the cause of the CPP-28 contamination.  One of 
the potential contamination sources was the waste transfer lines and encasements from valve boxes A3A 
and A3B.  Those two valve boxes were excavated and inspected to determine if they had contributed to 
the CPP-28 contamination.  The inspection found those boxes had not caused the CPP-28 contamination.  
However, the inspection found 1-2 inches of standing liquid in the stainless steel liner of box A3A with a 
radiation field of over 25 R/hr.  No standing liquid was observed in box A3B.  The drain line in box A3A 
was plugged (accounting for the standing liquid in A3A), whereas the A3B drain line was clear. 
Inspection of the flanged valves in each box found the Teflon gaskets “in a high state of deterioration” 
(Reference 3).  Gaskets made of Teflon fail and leak in radiation environments because Teflon becomes 
brittle and cracks after extended exposure to radiation.  The valves were removed, refurbished, and 
reinstalled with gaskets that were not subject to radiation damage.   The deteriorated state of the gaskets 
and the standing radioactive solution in box A3A indicates leaks occurred in the valve boxes prior to 
October 1974.   
 
No leaks from A3A or A3B are believed to have occurred after 1974.  The new, radiation-resistant valve 
gaskets prevented gasket-related leaks thereafter.  The Tank Farm waste monitoring and leak detection 
capabilities were significantly improved after 1974.  The improved monitoring systems have shown no 
evidence of leaks from that piping system.  The relative ratios of the radionuclides in the 2004 
contaminated soil samples indicate that the leaked waste was relatively old.  Radioactive waste contains 
both Cs-137 (half life equal to 30 years) and Cs-134 (half life equal to 2.1 years).  The ratio of Cs-137/Cs 
-134 increases at a known rate over time due to the rapid decay of Cs-134.  That ratio can be used to 
estimate the age of a waste.  The Cs-137 activity in the CPP-79 deep contamination layer (32-36 ft below 
surface) was about 3 x 106 pCi/g.  The Cs-134 activity in all the deep contamination sites was below the 
laboratory detection value. For the cited CPP-79 location, the Cs-134 detection value was 212 pCi/g.  Use 
of the Cs-134 detection value results in a Cs-137/Cs-134 ratio of over 15,000.  This ratio is high enough 
to indicate the waste in the soil came from fuel reprocessed before the 1980s, not from more “recent” 
waste.  These data, along with the 1974 valve gasket repairs, indicate 1974 was the latest date at which 
leaks occurred from the CPP-604 piping system.  This is shown as a dashed line on Figures 2 and 3. 
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Figure 2.  Volume and type of waste stored in WM-101 from May 1965 through December 1979. 
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Figure 3.  Volume and type of waste stored in WM-102 from May 1965 through December 1979. 
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Valve boxes A3A and A3B (with their original Teflon gaskets) were installed in the 1955 upgrade 
project.  The 1955 project excavated into the CPP-79 deep contamination area, but there are no reports of 
any contaminated soil found during that project.  Therefore, the contamination occurred after that time.  
Although Teflon gaskets fail over time in high radiation environments, they likely lasted several years 
before the damage was so severe that waste leakage occurred.  After 1957, when the airlift transfer system 
was installed, transfers out of the CPP-604 waste tanks occurred very infrequently, as shown on Figures 2 
and 3.  The infrequent use limited the number of potential leaks from the system after 1957.     
 
Contaminated soil sample and waste storage history data indicate leaks did not occur before 1966.  In 
January 1966, maintenance work was performed on valves in box A6 during a Zr fuel reprocessing 
campaign.  Box A6 is the junction point for the transfer route from CPP-601 to the Tank Farm.  All waste 
sent to the Tank Farm from CPP-601 via the air lift traveled through box A6.  Fuel reprocessing 
operations were not stopped in January 1966 to repair the valves in box A6. Instead, the Zr waste was sent 
to the three CPP-604 tanks for interim storage while the valves in box A6 were repaired.  The Zr waste 
was transferred from the CPP-604 waste tanks to the Tank Farm when the valve maintenance was 
complete.  Figures 2 and 3 show this as an increase in the Zr waste inventory in the CPP-604 tanks (the 
very narrow orange band in 1966), followed by a reduction to near zero when the waste was transferred to 
the Tank Farm.  This was the only time prior to 1974 (when the valves inside boxes A3A and A3B were 
repaired) that the CPP-604 tanks held Zr waste.   
 
Several of the CPP-28 and CPP-79 soil samples were analyzed for Zr.  Neither Cs-137 nor Zr is very 
mobile in soils.  If any of the Zr waste leaked during the 1966 waste transfer, it would have created high 
levels of both Cs-137 and Zr in the contaminated soil.  On the other hand, if the 1966 Zr waste did not 
leak, there would be no elevated levels of Zr in the contaminated soil.  The deterioration of the Teflon 
valve gaskets was progressive with time.  If the 1966 Zr waste transfers did not leak from the valves in 
boxes A3A and A3B, then waste transfers made before that time would not have leaked because the valve 
gaskets would have been in better condition during earlier transfers.  Thus the presence or absence of Zr 
in the contaminated soil can be used to establish leak dates.   
 
In the late 1960s and early 1970s, typical Zr waste contained about 1 x 1012 pCi/L (1 Ci/L) Cs-137 and 
37,000 mg/L (0.4 M) Zr.  Decaying the Cs-137 in the 1966 Zr waste to the present time (38 years) leaves 
about 42% of the original Cs-137 remaining today, or 0.42 x 1012 pCi/L.  The Zr:Cs137 ratio of the 1966 
Zr waste would be 8.8 x 10-8 mg Zr/pCi Cs-137 if measured today.  This would be the Zr/Cs-137 ratio in 
the CPP-79 deep contamination if it contained 1966 Zr waste.  The Cs-137 activity from the 2004 CPP-79 
deep soil samples was about 3 x 106 pCi/g of soil.  Multiplying the Cs-137 activity in the contaminated 
soil by the Zr/Cs-137 ratio from the 1966 Zr waste (decayed to the present time) results in an expected Zr 
concentration of 0.260 mg per gram of soil, or 260 mg/kg.  The Zr in the analyzed soil samples (from 
shallow and deep sites in both CPP-28 and CPP-79) ranged from 15 to 30 mg/kg and had no correlation 
with the Cs-137 activity.  The Zr content of the contaminated soil was an order of magnitude below the 
value expected from Zr waste contamination and appeared to be the normal Zr content of the Tank Farm 
soil.  In addition, Zr waste had a very high Pu-238:Pu-239 ratio (approximately 75:1).  The ratio of 
Pu-238:Pu-239 in CPP-79 deep was approximately 1:1.  Some of the soil samples even had more Pu-239 
than Pu-238.  Such Pu ratios did not come from Zr waste, instead they indicate the waste came from 
stainless-steel fuel.  The contaminated soil data show the 1966 Zr waste transfer did not leak to the soil, 
and thus Al waste transfers prior to that time also did not leak.  This accounts for the dashed line on 
Figures 2 and 3 in 1966 as the earliest date at which leaks occurred.  
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The 1974 inspection of valve boxes A3A and A3B found evidence of past leaks from valve flanges due to 
deteriorated Teflon gaskets.  The lack of elevated Zr levels and Pu-238:Pu-239 ratios of approximately 
1:1 in the contaminated soil indicate the leaks did not occur before 1966.  Therefore, leaks occurred in 
valve boxes A3A and A3B between 1966 and 1974 (the two dashed lines on Figures 2 and 3) that led to 
the CPP-79 deep contamination.  There were only three waste transfers from the CPP-604 waste tanks to 
the Tank Farm during that time period, one from WM-101 and two from WM-102.  Figure 3 shows three 
transfers were made from WM-102, but one of them went to WM-101 through CPP-604 internal piping, 
not to the Tank Farm.  Text boxes on Figures 2 and 3 note the three transfers that potentially leaked with 
red lettering.   
 
 
Waste Source Term 
 
Defining a single waste source term for CPP-79 deep from historical operating data is difficult because 
there were multiple leaks of varying types of waste and the relative amount of each waste type in each 
waste transfer is uncertain.  Historical operating data show the waste that leaked definitely included first-
cycle stainless-steel waste, and likely included first-cycle Al waste, second cycle waste, and process 
equipment waste.  Each of the CPP-604 waste tanks also had a small amount of Zr waste residue from 
1966 when they stored first-cycle Zr waste.  The 1967 Al waste in WM-102 included second-cycle 
raffinate that had been recycled through the first cycle extraction system as part of a Np-237 recovery 
process that operated for a few years at INTEC.  The 1973 Al waste in WM-101 likely included some 
process equipment waste (PEW) that was normally sent to the PEW Evaporator, but had been recycled 
through the first-cycle extraction system for uranium recovery.  The second-cycle and PEW wastes had 
less activity than typical first-cycle raffinate.  The 1973 WM-102 waste was primarily first-cycle raffinate 
from stainless-steel clad fuels.   
 
Leaks of varying solutions caused the different chemical and radionuclide ratios seen in the 2004 soil 
samples.  The 32-36 foot sample from CPP-79 contained a high amount of Hg (7.61 mg/kg), compared 
with the background soil concentration (0.02 mg/kg). The Cs-137 at that elevation was 3.35 x 106 pCi/g, 
or 3.35 x 109 pCi/kg.  This yields a Cs-137/Hg ratio of 4.4 x 108 pCi/mg.  Typical first-cycle Al raffinate 
contained about 1 Ci/L (1 x 1012 pCi/L) Cs-137 and 2000 mg/L Hg.  Assuming the site is contaminated 
with “old” waste in which one half of the Cs-137 has decayed, the current Cs-137/Hg ratio of the waste 
would be 2.5 x 108 pCi/mg, which is close to that of the contaminated soil sample.  Thus the 
contamination shows evidence of first-cycle Al waste.  The deep contamination sites have elevated 
activities of Pu-239 compared to Pu-238.  The 56-60 ft CPP-79 sample contained more Pu-239 activity 
than Pu-238 activity.  Waste from stainless-steel fuel was the only waste that contained more Pu-239 
activity than Pu-238, thus the deep contamination shows evidence of stainless steel waste.  The soil 
contamination data correlate with the types of high-activity-wastes stored and transferred through the 
CPP-604 tanks in the late 1960s and early 1970s. 
 
The information on the amount of each type of waste stored in the CPP-604 tanks in the late 1960s and 
early 1970s is sketchy.  Instead of generating multiple radiological source terms for each of the various 
wastes that leaked based upon sketchy data, two source terms were developed based on the ratios of 
Pu-238:Pu-239/240 found in the two most highly contaminated CPP-79 soil samples, those at the 56-60 
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and 34-36 feet below grade surface4.  The Pu isotope ratios varied significantly among different types of 
fuels (and consequently their wastes) and can be used to estimate the portion of each type of waste in a 
mixture of wastes.   
 
The first source term used the Pu ratios from the 56-60 foot (below grade) soil sample.  That waste had a 
volumetric composition of 66% first-cycle stainless steel waste and 34% first-cycle coprocessing waste.  
A second source term for CPP-79 deep was developed based upon the Pu ratios in the 34-36 ft (below 
grade) soil sample.  That sample had a high Hg content, so the source term was developed for a stainless-
steel/Al waste blend.  The second source term had the volumetric equivalent of 62% stainless steel waste 
and 38% Al waste.  In general, both source terms are similar because the waste mixtures were similar, 
both consisting of nearly 2/3 stainless steel waste.  Both source terms fit the waste storage tank history 
with the dominance of the stainless steel waste.       
 
For long lived fission products, the two CPP-79 source terms are virtually the same, since fission product 
activity is related to the age of the waste, not the type of fuel from which it was derived.  However, the 
activation products of the two source terms vary due to differences in the types of fuels from which the 
waste is derived.  This difference was generally a factor of 2 or less.  In general, the first source term has 
more Co-60 and Pu-239, and the second source term has more Np and Am.   
 
The two source terms for CPP-79 deep do not vary significantly in fission product content, and the 
variation in activation products is typically a factor of two or less.  Without any quantitative data on the 
amounts of each waste type released at CPP-79 deep there is no way to reliably assign portions of the 
waste that leaked to either source term.  Therefore, instead of arbitrarily assigning portions of the waste to 
each source term, this report uses the first source term (56-60 foot elevation) for all of the CPP-79 deep 
activity.  This provides a worst-cast activity for Pu-239, which may be the most significant contaminant 
of concern.  The activity of the major fission products of concern (based upon the 56-60 foot sample) is 
shown in Table 1.  The source term is based upon a Cs-137 activity of 0.619 Ci/L in 1973. This Cs-137 
activity is conservatively high, because it assumes all the waste was first-cycle waste.  Some of the waste 
that leaked was PEW and second-cycle wastes, which contained less activity than first-cycle waste.  
Details concerning the derivation of the source term are in Appendix A.   
  
The nitrate concentration of the CPP-79 waste varied between 3.5 and 4.5 M for the bulk of the wastes 
that leaked, first-cycle Al and stainless steel raffinates, as well as second-cycle waste.  A value of 4.0 
molar is a reasonable average for such wastes and it is included in Table 1.   
 
Table 1.  Source term for major radionuclides and nitrate in the waste released at CPP-79 deep.   
Cs-137 Sr-90 H-3 Tc-99 I-129 NO3 
0.62 Ci/L 0.58 Ci/L 3.5 mCi/L 0.099 mCi/L 0.24 microCi/L 4.0 Molar 

 
 
Waste Volume Leaked 
A detailed review of the waste transfers that potentially leaked (see Figures 2 and 3) resulted in an 
estimated release of 400 gallons of waste.  This estimate is at the lower end of the range of the estimate 
made in Reference 1.  It is fairly certain the release was small (a few hundred gallons) because there were 
very few transfers that potentially leaked and the transfers were small (which limited the potential 
leakage).  The leaked volume was not large enough for a volume discrepancy to have been noted in any 
historical reports.  Calculations and assumptions for the release volume estimates are in Appendix A of 
                                                      
4 D. R. Wenzel internet memo to M. C. Swenson dated February 9, 2005 titled “CPP-79 Source Term”, and D. R. Wenzel internet 
memo to M. C. Swenson dated February 13, 2005, titled “CPP-79 Source Term for 34-36 foot depth”.  Both memos to be 
formally documented in the future. 
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this report.  The calculations assume the average jet dilution for first-cycle waste transfers from CPP-604 
to the Tank Farm was 10%.  The difference between the average (10%) jet dilution and the measured 
value is the estimate of the waste released.  For example, if 1000 gallons of waste were transferred, 100 
gallons was the expected (10%) jet dilution.  If the transfer data showed the jet dilution was only 70 
gallons, then the assumed leak was 30 gallons.  Due to variability in the jet dilution, the CPP-79 leaks 
could have been a few hundred gallons more or less than the 400-gallon estimate.  The volume estimate is 
probably accurate to within a factor of 50%.   
 
Steam jet dilution varied depending on parameters such as steam pressure, waste density, piping 
configuration, etc.  The 1966 transfers of Zr waste from CPP-604 to the Tank Farm did not leak and had 
an average jet dilution of 10% (see calculations in Appendix A).  The 1966 Zr waste transfers had similar 
characteristics (solution density, piping configuration, etc.) to those that leaked.  This provides confidence 
in use of the 10% jet dilution factor to estimate the release.  Although the leak estimate has considerable 
uncertainty, it is reasonably certain that the leaks were a few hundred (not thousand) gallons.   
 
 
CPP-79 Summary 
 
CPP-79 has two areas of contamination, a shallow and deep area.  The shallow, low-activity leak was 
discussed in a previous document (Reference 2).  The source of the deeper contamination was determined 
by a review of historical operating data, piping configurations, and 2004 contaminated soil data to have 
been leaks from failed valve flange gaskets in boxes A3A and A3B in the 1960s and 1970s.  Some of the 
leaking solution went into the tile pipe encasements that penetrated the floors of the valve boxes and fell 
into a nearly horizontal portion of encasement approximately 30 ft below the Tank Farm surface.  The 
waste leaked into the soil through cracks and joints in the tile encasements.  The tile encasements likely 
leaked at multiple locations along its north/south run and thus contaminated the deep area in both the 
CPP-79 and CPP-28 sites.   
 
Table 2 summarizes the activity of the major radionuclides and mass of nitrate released at site CPP-79 
deep, assuming a release of 400 gallons of waste with the source term given in Table 1.   
 
Table 2. Major radionuclides and nitrate released at CPP-79 deep from three releases totaling 400 gallons 
of waste. 

 Cs-137 Sr-90 H-3 Tc-99 I-129 NO3 
CPP-79 Deep 940 Ci 870 Ci 5.3 Ci 0.15 Ci 3.6 x 10-4  Ci 380 kg 

 
Nearly 1000 Ci of Cs-137 was released at site CPP-79 deep.  Although this represents a significant release 
of radioactivity, it is a relatively small portion (less than 10%) of the entire Tank Farm source term, which 
includes nearly 17,000 Ci of Cs-137 at site CPP-31.  Thus some uncertainty in the estimates of activity 
for CPP-79 deep should not significantly impact groundwater models.   
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Site CPP-15 
 
Background of system configuration and leak 
 
Site CPP-15 is a small site located a short distance southwest of the main INTEC exhaust stack 
(CPP-708) and is associated with the operation of the solvent burner system.    The uranium recovery 
system in CPP-601 was based on solution chemistry and species solubility.  The uranium extraction 
system mixed the aqueous fuel dissolver product, which contained both uranium and radioactive fission 
products, with an immiscible organic (solvent) solution.  By controlling the chemistry of the solutions, the 
uranium was extracted from the aqueous phase into the organic phase, leaving the bulk of the fission 
products in the aqueous solution.  The uranium-bearing organic solution was separated from the fission 
product-bearing aqueous solution and mixed with a new aqueous stream.  By changing the solution 
chemistry, the uranium was extracted from the organic into the new aqueous solution.  The net result was 
two aqueous solutions, one with the bulk of the fission products (which became first-cycle raffinate) and 
one with the recovered uranium.  The organic solution was recycled and used over and over to extract the 
uranium from the aqueous dissolver product and transfer it to the new aqueous solution.   
 
For most of the fuel reprocessing history, the organic solution used in the first-cycle extraction system 
was a high grade of kerosene containing about 5% tributyl phosphate (TBP).  The second and third cycle 
uranium purification systems were similar to the first-cycle system, but used hexone as the organic.  Over 
time, the first-cycle organic solution degraded due to radiation and collected impurities that hampered 
uranium recovery.  As a result, the organic was periodically replaced.  The used organic was sent to an 
underground, interim storage in tank, LE-102, located a few feet south west of the main INTEC stack 
(CPP-708).  Periodically, the waste organic was pumped out of LE-102 and burned in a furnace that 
exhausted to the main INTEC exhaust stack.  The hexone used in second and third cycle did not 
accumulate degradation products as the first-cycle organic did, and never needed replacing.  Hence the 
solvent burner was used only for first-cycle organic raffinate, not for hexone.   
 
Use of the solvent burner ceased in the early 1980s when a new organic waste collection system 
(NCE-184, -185 and -186) was built and the organic solution was burned in the Calciner as supplemental 
fuel for the kerosene normally burned by the Calciner to generate process heat.   
 
There was a possibility that some water could be transferred from CPP-601 to LE-102 along with the 
waste organic.  Should this occur, an aqueous transfer line could remove water from the bottom of LE-
102 and send it to the PEW Evaporator feed collection tank, WL-102.  That transfer line connected to the 
gravity drain line from the bottom of the INTEC exhaust stack.  In March 1974, construction of a new 
PEW Evaporator cell on the east side of CPP-604 was underway.  That project cut the stack drain line, 
which ran through the construction area, in order to facilitate construction activities.  Valves were 
installed and closed on each end of the cut drain line during construction work.  A hose connected the two 
ends of the drain line when construction was not in progress, and the valves were opened to allow liquid 
in the stack to drain to WL-102.   
 
In March 1974, the drain valves remained closed too long and allowed condensate to collect in the base of 
the stack.  The condensate went down the stack drain line and then backed up into the waste organic 
storage tank, LE-102, via its aqueous removal line that connected to the stack drain line.  As condensate 
from the stack filled LE-102, the waste organic level rose until it spilled out of a flange on a tank manway 
that came to the surface in the small solvent storage building CPP-629.  The organic waste ran across the 
concrete floor of the building and out onto the ground, resulting in the contamination at site CPP-15.  The 
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incident is documented in a Significant Operating Occurrence Report (Reference 5).  Cleanup (removal) 
of the near-surface contamination occurred immediately after the event.  Additional cleanup occurred in 
the mid 1980s when the waste solvent burner and LE-102 were removed.   
 
 
Waste Source Term 
 
The release at CPP-15 likely involved two separate source terms, one for the organic and one for the 
aqueous portion of the release.  Reference 5 indicates the 2000-liter solvent tank was partly full prior to 
the incident.  The event likely added enough condensate to the tank to force all of the organic to spill out 
of the tank, followed by some aqueous overflow as well.  The organic phase was low in fission products, 
but relatively high in TRU activity, based on process chemistry and historical sample data.  This was 
because the actinides (Pu, Np, Am etc.) had a solution chemistry similar to that of uranium, and a higher 
portion of those species (compared to the fission products) were extracted from the dissolver product into 
the organic during the first cycle extraction process.  Thus the organic waste had a significantly different 
radionuclide source term than Tank Farm and other aqueous wastes.  The waste organic had a very low 
gamma activity (fission products), but a high alpha activity (TRU components).  Reference 6 provides a 
source term for the major constituents of the waste organic based upon historical sample analyses.  The 
activity of Tc-99 was not in Reference 6, but was calculated based on its fission yield ratio to Cs-137 for 
coprocessing waste (Reference 4).  Table 3 shows the source term for the major components of the 
organic waste.   
 
Table 3.  Major radionuclides and nitrate released at site CPP-15 in the organic portion of the waste. 

 Cs-137 Sr-90 H-3 Tc-99 I-129 NO3 Pu 
CPP-15 
Organic 

7 x 10-6 
microCi/mL 

6 x 10-6 
microCi/mL Negligible* 1.1 x 10-9 

microCi/mL
3 x 10-6 
microCi/mL Negligible* 1 x 10-3 

microCi/mL
*Because the waste organic contained no water, the tritium activity and nitrate content were negligible.   
 
The bulk of the CPP-15 contamination was removed shortly after the release and during the removal of 
the solvent burner and organic storage tank in the mid 1980s.  This is shown by the low radionuclide 
activity (consistent with slightly contaminated backfill) in the 2004 soil samples from the near-surface 
locations.  However, some of the 2004 soil samples from the deepest sites (10-12 feet below grade level) 
had elevated Cs-137 with low Pu activity.  The elevated Cs-137 indicates not all contaminated soil was 
removed by previous cleanup efforts.  Also, the relatively high Cs-137 and low Pu radionuclide activities 
are not consistent with the organic waste source term given above.  Some of the contamination came from 
an aqueous waste.  Condensate from the stack flowed into LE-102 forcing the waste organic to overflow.  
After the organic layer had overflowed, some of the stack condensate may have also overflowed.  The 
stack condensate would have been relatively high in Cs-137 activity compared to the waste organic.  The 
incident occurrence report indicates that the soil surface radiation after the spill was 3 R/hr.  That 
radiation was too high to have been generated by the organic waste.  By comparison, the waste organic 
storage tanks (NCE-184, -185, and -186) built to replace LE-102 were built above ground without any 
radiation shielding because the fission product content of the waste organic was so low.  The 3R/hr soil 
radiation reading was about the same as surface contamination from condensate that seeped from the base 
of the stack (site CPP-29) later that year (November), which measured 1.5 R/hr (Reference 7).  The 
similar soil surface radiation readings indicate that some of the CPP-15 contamination came from stack 
condensate (with relatively high Cs-137 activity) that overflowed LE-102.   
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A sample from the November 1974 stack seepage waste had a gross beta activity of 0.6 microCi/mL 
(Reference 7).  Assuming equal activities of Cs-137, Sr-90 and Y-90, and the total activities of 
Ru-106/Rh-106 and Ce-144/Pr-144 equal to that of Cs-137, means the Cs-137 and Sr-90 activities were 
each about one fourth of the measured gross beta activity, or 0.15 microCi/mL.  These fission product 
activities are four orders of magnitude higher than that in the organic portion of the waste.  This means 
the aqueous condensate from the stack likely contributed the bulk of the fission product contamination to 
the soil.  However, the organic portion was a significant contributor of the TRU components.  The 
aqueous source term, based upon the November 1974 gross beta analysis is given in Table 4.   
 
Table 4.  Major radionuclides and nitrate released at site CPP-15 in the aqueous portion of the waste. 

 Cs-137 Sr-90 H-3 Tc-99 I-129 Pu NO3

CPP-15 
Aqueous 

0.15 
microCi/mL 

0.15 
microCi/mL

1.2 x 10-4 
mciroCi/mL

2.4 x 10-5 
microCi/mL

3.3 x 10-8 
microCi/mL 

1.8 x 10-3 
microCi/mL

0.02 
M 

 
The aqueous source term uses fission yield values relative to Cs-137 from Reference 4 for Tc-99, I-129, 
H-3 and Pu.  The Calciner was not in operation in March 1974.   Thus the major radionuclides in the 
condensate likely came from residues inside the stack that were rinsed off by the condensate, not from 
adsorption of volatile material from the Calciner off-gas.  The aqueous source term likely overestimates 
the H-3 and I-129 in the stack condensate because those isotopes likely did not form solid residues in the 
stack that would be in the stack condensate.  Without the Calciner operation, the nitrate content of the 
condensate would have been low because the nitric acid-forming NOx content of the stack gas would have 
been low.  The nitrate in the condensate was likely 0.02 M or less. 
 
Reference 5 indicates the waste flowed from the manway, across the concrete floor of the waste organic 
building, and out onto the soil, contaminating the near-surface soil.  Some of the waste may have seeped 
between the tank manway and the building floor and down along the manway, causing the deeper areas of 
contamination found in the 2004 soil sampling.    
 
 
Waste Volume Released 
 
The incident occurrence report made no estimate of the volume of waste released to the site.  It states that 
the solvent tank was initially partly full of organic waste.  A reasonable assumption is that the tank was 
half full of organic waste, about 1000 liters, all of which overflowed onto the ground.  The volume of 
condensate that formed and overflowed is also unknown.  The condensate volume was limited by 
practical concerns.  The spill area was next to a road/walkway that was used by people walking between 
the Waste Calcining Facility and other areas of the plant.  A large spill that extended over a large area 
would likely have been noticed by passersby.  There were no major flows of moist air into the stack that 
would form large volumes of condensate.  The Calciner off-gas was the largest source of moist gas into 
the stack, but it was not in operation when the spill occurred.  Other sources of moisture included the 
steam jets used to maintain a vacuum on the Zr fuel dissolver and vessel off-gas systems.  The jets may 
have produced some steam condensate, but it was likely a small amount.  A condensation rate of 5 gallons 
per hour is a reasonable estimate for the amount of condensate produced.  During fuel dissolution and 
uranium extraction operations, waste organic is produced and must be burned.  As a result operators or 
maintenance personnel would have entered the solvent burner building periodically to operate the facility 
or perform maintenance.  In fact, the spill was discovered by maintenance personnel who entered the 
building to perform maintenance.  Given these facts, it is unlikely the overflow situation existed for more 
than a few days.   
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A 5-gallon-per-hour leak would produce 120 gallons (about 500 liters) of condensate a day.  It would take 
about 2 days for a tank that was half full of organic to fill with an organic/condensate mixture, another 2 
days to force the organic (1000 liters) out of the tank and fill the tank with condensate, and another 2 days 
for 1000 liters of condensate to overflow onto the ground.   This is a 6-day event, including 4 days of 
liquid leaking out of the flange.  It is likely someone would have noticed the leak in that amount of time 
or less.  Therefore a volume of 1000 liters each of organic and stack condensate is assumed to have leaked 
at the site.  There is considerable uncertainty in this estimate, likely a factor of 2, but the release was 
likely hundreds of gallons not thousands of gallons.   
 
 
CPP-15 Summary 
 
CPP-15 was contaminated by waste organic (kerosene) produced by the first-cycle uranium extraction 
process, and by condensate from the main INTEC stack.  The contamination occurred when construction 
activities cut the stack drain line, and closed a valve on a temporary drain system.  Condensate formed in 
the stack, went down the stack drain line, and flowed into the waste organic storage tank, LE-102, via a 
water removal line that joined the stack drain line.  The flow of stack condensate into LE-102 caused the 
organic waste to rise until it overflowed the tank via a ground-level flange on a tank manway.  
Condensate flowed from the stack into LE-102 until all the organic waste was forced out of the tank and 
then condensate overflowed the tank.  This report assumes approximately 1000 liters each of organic 
waste and condensate flowed out of the tank and onto the surface of the soil.  Some of the waste likely 
seeped down along the tank manway and contaminated a deep area of soil (12 feet below grade) in 
addition to the surface contamination.   
 
A release of 1000 liters each of the organic waste and stack condensate spilled from the LE-102 tank with 
the source terms given in tables 3 and 4 results in estimated releases of the material shown in Table 5.    
The release estimates in Table 5 have a high degree of uncertainty, likely a factor of 2, due primarily to 
the uncertainty in the volume of waste released.  However, less than 1 Ci of Cs-137 was released at site 
CPP-15.  Compared to other releases in the Tank Farm area (such as CPP-31 where approximately 17,000 
Ci of Cs was released) site CPP-15 contains insignificant quantities of fission products and should not 
affect groundwater models. 
 
Table 5.  Major radionuclides and nitrate released at CPP-15 in 1000 liters each of organic and stack 
condensate wastes.   

 Cs-137 Sr-90 H-3 Tc-99 I-129 NO3 

Organic 7 x 10-6 Ci 6 x 10-6 Ci 0 1.1 x 10-6 mCi 3 microCi 0 

Stack Condensate 0.15 Ci 0.15 Ci 0.12 mCi 0.024 mCi 0.033 microCi 1.2 kg 

Total Released 0.15 Ci 0.15 Ci 0.12 mCi 0.024 mCi 3 microCi 1.2 kg 
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Appendix A 
 

Calculations of Waste Volume and Source 
Term for Waste Released at CPP-79 Deep 
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I.  Waste Volume Released Calculations 
 
1.  Perform Steam Jet Dilution Calculations for 1966 Zr Waste Transfers (No Leaks) 
 
February 1966 (volume data from Operations Monthly report):  Zr waste transferred from both CPP-601 
and CPP-604 to WM-188 and WM-189.   
 
 Waste received in WM-188/189: 
   WM-188/189 volume increase    88,600 gallons 
   Waste from CPP-601    -43,100 gallons 
   Waste from CPP-604 (difference)  45,500 gallons 
  
 Waste sent from CPP-604 to WM-188/190: 
   WM-100    17,800 gallons 
   WM-101    17,800 gallons 
   WM-102     5,200 gallons 
   WM-100 jet dilution*            +    530 gallons 
   Total CPP-604 Waste (Sum)   41,330 gallons 
 
 *WM-100 was transferred to WM-102 (assume 3% jet dilution) and then to WM-188/189 
 
 Jet dilution Calculation:   Jet Dilution Volume = 45,500 – 41,330 = 4,170 gallons 
     Jet Dilution = 4,170/41,330 = 10% 
             
These calculations show 10% jet dilution was an average value for wastes transferred from the CPP-604 
tanks to the Tank Farm that did not leak to the soil. 
 
2.  Calculate Leakage for Three Transfers Through Valve Boxes A3A and A3B. 
 
A. November 1967 WM-100/102 transfer 
 

Transferred Al waste from WM-100 to WM-102 and then from WM-102 to WM-182 via box A3A 
(Data from Operation Monthly Reports): 

 
 Waste received in WM-182 (from WM-102)   6,795 gallons   
 
 Waste sent from CPP-604 to WM-182 
   Waste transferred from WM-100   6,100 gallons   
   WM-100 to WM-102 jet dilution (3%)           +    183 gallons 
   Total liquid transferred     6,283 gallons 
          
 Jet Dilution Calculation: Jet Dilution Volume = 6,795 – 6,283 = 512 gallons 
     Jet Dilution = 512/6,283 = 8.1% 
 
 If jet dilution was 10% (628 gallons) the potential leak was:  628 – 512 = 116 gallons 
 
Assuming the drain line in valve box A3A was plugged, 116 gallons may have leaked into the tile 
encasements and then into the soil.    
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B. May 1973 WM-101 Transfer 
 

Transferred Al waste from WM-101 to WM-183 via valve box A3B (Data from Operation Monthly 
reports):     

 
 Waste received in WM-183 from CPP-604  
  Total WM-183 volume increase    6,300 gallons 
  First Cycle Raffinate from CPP-601 to WM-183                -768 gallons 
  Second Cycle Raffinate from CPP-601 to WM-183         -1,775 gallons 
  Net waste to WM-183 from CPP-604   3,757 gallons 
 
 Waste sent to WM-183 from CPP-604 (WM-101)  3,800 gallons   
    
 Jet Dilution Calculation: Jet Dilution Volume = 3,800 – 3,757 = -43 gallons 
      Jet Dilution = -43/3,800 = -1.1% 
 
 If the jet dilution was 10% (380 gallons) then the potential leak was:  380 – (-43) = 423 gallons.  
  
Valve box A3B had a clear drain line in 1974.  Thus most leaking waste went down the valve box drain 
line into the PEW Evaporator feed tank, WL-102, not into the tile line encasements.  However, some 
waste may have leaked directly into the annular opening around the transfer lines in the floor.  This would 
be a small portion of the waste (assume 10%), given the configuration of the valve box and piping.   
 
 Assume 10% of the total potential leak entered the tile encasements, about 42 gallons.    
  
C. May 1973 WM-102 Transfer 
 

Transferred first-cycle stainless steel waste from WM-102 to WM-189 (Data from Operation Monthly 
unless noted otherwise):     

 
 Waste received in WM-189 (from CPP-604)  5,440* gallons  
    
 Waste sent to WM-189 (from WM-102 in CPP-604) 5,150 gallons    
    
* Monthly report had inadequate detail to determine volume changes for a given transfer in and out of 
WM-189 due to multiple transfers in and out of the tank during the month (the WCF calcined waste from 
the tank).  Used the following information from shift supervisor log (May 16, 1973 graveyard shift) for 
the WM-189 volume calculation associated with the WM-102 transfer: 
 

Shift Supervisor log:  Level Recorder on WM-189 went from 51.2 to 72.0% (20.8% change)  
 
Data for WM-189:  25 inch pressure range on level transducer (process knowledge) 
   SpG of waste = 1.17  (sample logs 73-3369 and 73-3376) 
   1224 gallons waste per inch of height in 50 ft diameter tank 
 
WM-189 Volume Change = (0.208 x 25 inches pressure) x (1 inch height/1.17 inches pressure) x  
           1224 gallons/inch height 
      = 5440 gallons waste received in WM-189 
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 Jet Dilution Calculation: Jet Dilution Volume = 5,440 – 5,150 = 290 gallons 
       Jet Dilution = 290/5,150 = 5.6% 
 
 If the jet dilution was 10% (515 gallons) the potential leak was:  515 – 290 = 225 gallons 
 
Note the estimate for the WM-102 leak in 1973 (225 gallons) is larger than the leak estimate for 1967 
(116 gallons), which is reasonable considering the ongoing deterioration of the valve gaskets over time.   
 
  
D. Total Volume Leaked to CPP-79 Deep 
 
 Total volume leaked (estimated from three leaks in parts A through C) 
 
 WM-102 (1967)  116 gallons 
 WM-101 (1973)   42 gallons 
 WM-102 (1973)  225 gallons 
 Total potential leakage 383 gallons 
 
 

Given the level of accuracy of the estimates, three significant digits are not warranted, so assume 400 
gallons of waste leaked to CPP-79 deep. 

 
 
II. CPP-79 Source Term Development 
 
1.  Background Data: 
 
D. R. Wenzel5 developed a CPP-79 composite source term based upon the Pu ratios in the 56-60 foot soil 
sample.  The following is summary data (formal documentation to be issued in the future): 
 
      Composite source term = 0.98585 EBR + 0.1415 coprocessing 
           Coprocessing = 2.03 Al + Zr 
                                                                               1973             2005 
      fuel     g U-235 BOL        g U-235 EOL     Ci Cs-137     Ci Cs-137 
      Al             1073                     550                     1151            549.5 
      Zr             1000                      400                    1222            597.3 
      EBR         2950                    2880                    135.1            64.51  
 
The above data are for arbitrary fuel “units”.   
 
Historically:     Cs-137 activity = 1.0 Ci/L in Al, Zr and Coprocessing wastes   
      Cs-137 activity = 0.419 Ci/L in EBR (stainless steel) waste6 
                                                      
5 D. R. Wenzel internet memo to M. C. Swenson dated February 9, 2005 titled “CPP-79 Source Term” 
6 W. J. Bjorklund, First Electrolytic Dissolution Campaign of EBR-II Fuel at ICPP, ICP-1028, February 1974, Table B-IV  
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2. Calculate Volume of Waste produced per Unit of Fuel  
 
For Stainless steel:      Activity = (135 Ci Cs-137/fuel unit) / (0.419 Ci Cs-137/L waste) 
             = 322 L waste / fuel unit 
 
For Al fuel:               Activity = (1151 Ci Cs-137/fuel unit) / (1.0 Ci Cs-137/L waste) 
             = 1151 L waste / fuel unit 
 
For Zr fuel:           Activity = (1222 Ci Cs-137/fuel unit) / (1.0 Ci Cs-137/L waste) 
             = 1222 L waste / fuel unit 
 
Co processing waste (use Al and Zr data from above):  
 

Waste = 2.03 x Al + Zr 
              = (2.03 x (1151) + 1222) / 3.03 
              = 1174 L waste / fuel unit 
 
3. Calculate Relative Amount of Waste Types in CPP-79 Source Term (data from #1 and 2 above ): 
 

CPP-79 deep = 0.98585 x (EBR) + 0.1415 x (Co) 
          = 0.98585 x (322 L/fuel unit) + 0.1415 x (1174 L/fuel unit) 
              = 317 + 166 
          = 483 L waste  
 
The stainless steel portion of CPP-79 deep source term       = 317 / 483 = 0.656 = 66% 
The coprocessing portion of CPP-79 deep source term        =  1 - 66% = 34% 
 

4. Calculate Cs-137 activity in composite CPP-79 deep source term*: 
 

Cs-137 = (317 L x (0.419 Ci/L) + 166 L x (1.0 Ci/L)) / 483 L 
Cs-137 = 0.619 Ci/L 
 
 
*Note the D. R. Wenzel transmittal provided a complete radionuclide source term normalized to 
Cs-137 from which other radionuclides can be calculated.   
 

5. For the 34-36 foot soil D. R. Wenzel developed a source term of: 
 
Waste = 0.146 x Al + 0.853 x EBR 

 
Calculate waste volumes from that Source term: 
 

Waste = 0.146 x Al + 0.853 x EBR 
              = 0.146 x (1151) + 0.853 x 322 
              = 169.2 + 274.7 
   Waste = 443.9 L waste / fuel unit  
 
  EBR = 274.7/ 443.9 = 61.9% of the waste volume   Al = 38.1% of waste volume 
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